Abstract
Introduction
Diesel engines are widely used in a variety of vehicles due to their high fuel efficiency and low cost compared to other fuel engines. The resources of petroleum as fuel are dwindling day by day and the increasing demand for fuels, as well as increasingly stringent regulations, pose a challenge to science and technology. The commercialization of bioenergy has provided an effective way to fight the problem of petroleum scarcity and petroleum consumption's influence on the environment. All of these problems have motivated the scientific society to seek new, alternate energy sources that have lessened the effects of global warming and pollution. At this point, the scarcity of known petroleum reserves and increasing environmental consciousness has made renewable energy sources more attractive (Misra and Murthy, 2011; Moron and Villareyes, 2007) . As a renewable, sustainable and alternative fuel for compression ignition engines, biodiesel instead of diesel has been increasingly used to study its effects on engine performance and emissions in the last 10 years. The advantages of using biodiesel as diesel fuel are minimal sulphur and aromatic content, and the higher flash point, lubricity and cetane number. It helps to reduce carbon dioxide emissions in the atmosphere; it is renewable in nature and safer to handle; it has no aromatic compounds, practically no sulphur content, and oxygen atoms in the molecules of the fuel may reduce the emissions of carbon monoxide (CO), total hydrocarbon (THC) and particulate matter (PM) (Scholl and Sorenson, 1993; Lapuerta et al., 2005; Lapuaerta, Armas and Ballesteros, 2002; Zang and Van Gerpen, 1996) .
The combustion performance of the ethyl ester of used palm oil relative to baseline diesel fuel in a water-cooled furnace was investigated. The combustion efficiency was tested over a wide range of air/fuel ratios, ranging from very lean to very rich (10:1-20:1). The findings showed that at a lower energy rate, biodiesel burned more efficiently with higher combustion efficiency (66%) compared to the diesel fuel (56%). At higher energy inputs, the biodiesel combustion performance deteriorated, because of its high viscosity, density and low volatility (Tashtoush, Al-Widyan and Al-Shyoukh, 2003) . Rakopoulos et al., (2011) conducted a study to evaluate the use of sunflower, cottonseed, corn and olive straight vegetable oils of Greek origin, in blends with diesel fuel at proportions of 10% and 20%. The study reported that the specific fuel consumption for all vegetable oil blends is a little higher than the corresponding one for the diesel fuel case. The engine brake thermal efficiency with all the vegetable oil blends was practically the same as that of the neat diesel fuel case.
In recent years, the exergy analysis method has been widely used in the design, simulation and performance assessment of various thermal systems. This analysis is based on the second law of thermodynamics. Exergy is defined as the maximum theoretical useful work obtained as a system interacts with the equilibrium state. Exergy is generally not conserved as energy but destroyed in the system. It is possible to determine the optimum speed of an auto cycle engine using combined energy and exergy analysis. Energy and exergy efficiencies are calculated for different engine speeds and compared. Determination of the optimum engine speed should not be based on energy analysis alone (Kopaç and Kokturk, 2005) . Exergy destruction is a measure of irreversibility that is the source of performance loss.
Investigated is the effect of varying dead state temperatures on the exergy efficiency of a higholeic methyl ester (HOME) fueled internal combustion engine (ICE). This engine is a 4.5L, four stroke, four-cylinder, turbocharged, 66.5 kW maximum power capacity John Deere 4045T diesel engine run with HOME, which is genetically modified with a high-oleic soybean oil methyl ester. The results obtained are discussed from the exergetic point of view. It was found that exergetic efficiency increased as the dead state temperature decreased. As a result, exergy efficiency values ranged from 29.78% to 34.93% based on dead state temperatures between 5 o C and 30 o C (Caliskan, Tat and Hepbasli, 2009 ). There has also been presented a comparative second law analysis of internal combustion engine operation for methane, methanol and dodecane fuels (Rakopoulos and Kyritsis, 2001) . Analyzed is a diesel cycle considering combustion and heat transfer effect on performance. The effects of the compression ratio and cut-off ratio on the heat transfer were analyzed. Exhaust temperature and work output increased (Parlak, 2005) . Energy and exergy analyses were performed in a fourstroke turbocharged diesel engine fuelled with No. 2 diesel and two different biodiesel fuels. Exergy efficiencies are calculated between 37.46 % and 38.48 %, with no statistically significant difference. Exergy destruction of the engine is between 59.03 kW and 61.76 kW for three fuels (Caliskan et al., 2010) .
Evaluated is the performance of an internal combustion engine at the steady-state condition through energy and exergy analysis by using experimental test results. The energy efficiency has a maximum point at the speed of 2500 rpm. The exergy analysis reveals that the engine's optimum speed is 300 rpm, as the exergy efficiency has a maximum magnitude at this speed (Ameri et al., 2010) . The use of biodiesel and their blends results in a very similar exergetic performance with No. 2 diesel fuel in terms of fuel exergy input, exergetic efficiency, exergy destruction and exergy losses. Exergy losses due to the exhaust gas and heat transfer are other contributors in decreasing order (Canakci and Hosoz, 2006) . Using exergy as a measure of quality, the petroleum diesel fuel is of greater quality than biodiesel because of the net calorific value of diesel that of biodiesel (Sekmen and Yilbasi, 2011) .
The energy demands of the world increase day by day. That's why using and exploring different energy resources like biodiesels have gained importance. Sunflower ethyl ester is assumed to be a renewable energy source, and it can be used in internal combustion engines. In this study, a compression ignition engine operating with sunflower ethyl ester was investigated for different engine loads. This is because engines usually operate at less than full load. Energy and exergy analyses were performed and optimum operating conditions were determined.
Materials and methods
Sunflower ethyl ester was the test fuel. The physical properties of the fuels tested are presented in Table  1 . The tests were conducted on a single cylinder, four stroke, naturally aspirated, air cooled diesel engine coupled with an electrical dynamometer. A schematic diagram of the systems can be seen in Figure 1 . The detailed technical specifications of the engine are given in Table 2 . The test fuels are 100 % ethyl ester; the biodiesel molar ratio of alcohol to oil used was 5:1, whereas the catalyst amount was 1% of the oil's weight. The air and fuel flow rates entering the engine were measured using a laminar flow element and a digital scale, respectively. Temperature measurements at different locations of the experimental sys-tem were conducted using thermocouples. Energetic and exergetic values were calculated by a 300 1/min increase in fixed cycle variable speed experiments. 
Thermodynamic analysis
Energy and exergy analyses were conducted under steady-state conditions for the control volume. An energy analysis for the control volume can be written by means of the first law of thermodynamics (Moran and Shapiro, 1995; Cengel and Boles, 2008) .
Results
Experiments were conducted at different engine loads and at different engine speeds for a compression ignition engine operating with sunflower ethyl ester. Results are shown in Figure 2 -26. After investigating these figures, results can be presented as follows.
Energy
Energy related figures can be seen in Figures 5, 10 , 15, 20 and 25. Other heat losses include radiation and cooling water losses. Other heat releases reached their maximum values between 3 300 rpm and 4 200 rpm for all engine loads. In addition, it can be seen that other heat losses generally increase with engine speed. Exhaust heat loss is greater at low engine speeds (1500-2400 rpm) for 20-80% engine loads, however, exhaust loss is nearly the same at all engine speeds for 100% engine loads. For all engine loads, except 100%, work efficiency is greater at low engine speeds (1500-2400 rpm) and it obtains the minimum value at 3000 rpm, however, with a 100% engine load it gets its maximum at 2400 rpm and its minimum is at 4200 rpm.
Exergy
Exergy related values are shown in Figures 6, 11 , 16, 21 and 26. Exergy destruction is the highest value according to exergy analysis. The reasons for exergy destruction in the engine are friction, heat losses, and most importantly, the combustion process which, it can be seen, is getting bigger. Investigating exergy destructions, it values, generally, at the high engine speeds for 20-80% engine loads. However, with 100% engine loads, all exergy destruction rates are nearly the same for all engine speeds. Exergy destruction can be decreased by increasing the air-mass ratio (Rakopoulos and Kyritsis, 2001 ).
In addition, exhaust heat loss exergy doesn't tend to follow any pattern for engine speeds at the partial engine loads, and heat release exergy reaches its minimum at 2700-3000 rpm, but at the full load, it is more balanced and has similar values. When results are investigated, it can be seen that maximum work (6.45 kW) is obtained at 3900 rpm for 100 % engine load; similarly minimum work is obtained (1.27 kW) at 300 rpm for 20 % load.
Effective work and torque
For 20 and 40% engine loads, maximum work is obtained at engine speeds (2100 and 2400 rpm), but, with 60, 80 and 100% engine loads work reaches it maximum at 3600 and 3900 rpm values. Work shows unbalanced changes at the partial loads, while it is balanced at full load. This is because the combustion process is more effective with the full load. The ratio of effective work to energy and exergy analysis decreases with engine speed.
Similar to effective work, torque values show unbalanced changes at partial loads, and it is balanced at 100% engine loads. With all engine loads, maximum torque values are obtained at a low engine speed (1500-2400 rpm) and generally, torque value is lower at high engine speeds. It reaches its minimum at 20% load and 3000 rpm (3.799 Nm) and its maximum at 100% load and 2400 rpm (20.303 Nm).
First law (energy or thermal), second law (exergy) and volumetric efficiencies
Results for energy efficiency show that maximum efficiency is obtained at 1500 rpm with 20% load, while minimum efficiency (0.064) is at 4200rpm with 20% load again.
Maximum exergy efficiency (0.24), as with energy efficiency, is reached at 1500 rpm for 20% load and minimum exergy efficiency (0.07) at 4200 rpm for 100%. Energy and exergy efficiencies are greater for low engine speeds than high engine speeds for all engine loads. For volumetric efficiencies, it reaches its maximum at 40% engine load and 2700 rpm (71%) and it reaches its minimum again at 40% load and 4200 rpm (0.31). It can be seen that at 20-60% engine loads the volumetric efficiency maximum is at 2700 rpm, but with 80-100% engine loads its maximum is at 1500 rpm. Generally, it can be said that volumetric efficiency always decreases after 2700 rpm and it reaches bigger values at low engine speeds.
Fuel consumption and specific fuel consumption
Fuel consumption increases with engine speed for all engine loads. It ranges from 15 (g/m) for 20% load to 180 (g/m) for 100% load. Similarly, specific fuel consumption increases with engine speed for all loads generally, and it ranges from 7.5 (g/kWm) to 30 (g/kWm) approximately.
Conclusion
In this study, the effects of sunflower ethyl ester were investigated on the performance of the compression ignition engine at various engine loads.
• The maximum work (6.45 kW) is obtained at 3900 rpm for 100% engine load.
• The maximum efficiency (0.26) is obtained at 1500 rpm for 20% load.
• The maximum exergy efficiency (0.24) is at 1500 rpm for 20% load.
• The maximum is at 40% engine load and 2700 rpm (0.71).
In conclusion, according to the results, it can be recommended that the engine should be operated at low engine speeds at partial loads, because at these engine speeds, energy and exergy values have the greatest values, while exergy destruction values are lower. 
